The 100 th anniversary of the Nobel prize awarded to Max von Laue in 1914 for his discovery of diffraction of X-rays on a crystal marked the beginning of a new branch of science -X-ray crystallography. The experimental evidence of von Laue's discovery was provided by physicists W. Friedrich and P. Knipping in 1912. In the same year, W. L. Bragg described the analogy between X-rays and visible light and formulated the Bragg's law, a fundamental relation that connected the wave nature of X-rays and fine structure of a crystal at atomic level. In 1913 the first simple diffractometer was constructed and structure determination started by the Braggs, father and son. In 1915 their discoveries were acknowledged by a Nobel Prize in physics. Since then, X-ray diffraction has been the basic method for determination of three-dimensional structures of synthetic and natural compounds. The three-dimensional structure of a substances defines its physical, chemical, and biological properties. Over the past century the significance of X-ray crystallography has been recognized by about forty Nobel prizes. X-ray structure analysis of simple crystals of rock salt, diamond and graphite, and later of complex biomolecules such as B12-vitamin, penicillin, haemoglobin/myoglobin, DNA, and biomolecular complexes such as viruses, chromatin, ribozyme, and other molecular machines have illustrated the development of the method. Among these big discoveries the double helix DNA structure was an epochal achievement of the 20 th century. These discoveries, together with many others of the X-ray crystallography, have completely changed our views and helped to develop other new fields of science such as molecular genetics, biophysics, structural molecular biology, material science, and many others. During the last decade, the implementation of free electron X-ray lasers, a new experimental tool, has opened up femtosecond dynamic crystallography. This highly advanced methodology enables to solve the structures and dynamics of the most complex biological assemblies involved in a cell metabolism. The advancements of science and technology over the 20 th and 21 st centuries are of great influence on our views in almost all human activities. The importance of Xray crystallography for science and technology advocates for its high impact on a wide area of research and declares it as a highly interdisciplinary science. In short, crystallography has defined the shape of the modern world.
INTRODUCTION
The United Nations declared 2014 as International Year of Crystallography to celebrate the centenary of the discovery of X-ray crystallography and to emphasize the global importance of crystallography in many aspects of human life; the General Assembly of UN declared that special event on X-ray crystallography is the leading method for the determination of molecular and crystal structures of any crystalline material of natural or synthetic origin. The molecular structure defines the three dimensional arrangements of atoms connected by intramolecular -covalent or other (ionic, metal) interactions, which are responsible for physical and chemical properties of each compound. The crystal structure is defined by the periodic arrangement of molecules, which are held together by intermolecular interactions. These forces are responsible for physical properties of crystals. Xray crystallography provides crucial information for many different areas of science and technology. The double helix structure of DNA molecule determined by X-ray crystallography was the epochal discovery of the 20 th century. Molecular genetics and related disciplines emerged from that discovery. X-ray crystallography has revolutionized our understanding of molecular biology and has assisted in development of molecular medicine and new drugs. Design of catalysts essential in syntheses of various compounds based on the principals of "green" chemistry within the context of sustainable ecology, is on the front line of chemical crystallography. The preparation of a wide selection of novel materials such as alloys, ceramics, fibres, plastic materials, detergents, design of systems for production of "green energy" such as batteries, fuel and solar cells is guided by structural characterization by X-ray diffraction of materials used in these technologies. On the front lines of novel materials are magnetic materials, materials for molecular electronics, and potential materials for quantum computers, being at present close to a science fiction. X-ray crystallography has been also established as a method of choice in geosciences including mineralogy, as well as in archaeology. The involvement of X-ray crystallography in all these fields of science and technology advocates for its high impact on a wide area of research and declares it as a highly interdisciplinary science. In short, crystallography defines the shape of our modern world.
The advancement of technology and computer facilities supported by efficient software has contributed enormously to improve and optimize the experiments of X-ray diffraction. The most significant breakthrough has been achieved in the area of X-ray sources using synchrotrons in the 1970s and most recently by the advent of the freeelectron lasers (XFEL). The sophisticated equipment has speed up experiments providing more accurate data. As the results of these wonders of technology, more three-dimensional structures have become available. Storing huge number of data necessarily led to the formation of databases such as Cambridge Structural Data Base (CSD, with over 750,000 entries http://www.ccdc.cam. ac.uk), Protein Data Bank (PDB, with over 100,000 entries, http://www.rcsb.org/pdb/home/ home.do), Metals, Alloys and Intermetallic Data Base (CRYSMET, with over 126,000 entries), Inorganic Crystal Structure Database (ICSD, with over 173,000 entries, http://icsd.fiz-karlsruhe.de) and Powder Diffraction File (http://www.icdd. com/), and other essential resources of crystallographic information.
DAZZLING HISTORY
Goethe"s quote "The history of science is science itself" could offer a simple chronological approach starting from the studies of crystal morphology marvelled by Pliny the Elder (AD 23 to 79) who described the faces of quartz crystals. These observations were followed by more complex discoveries. On a historical route, for instance, one would enjoy reading the interesting papers of Pierre Curie on crystallography and symmetry, as well as about physical properties of crystals such as piezoelectricity and magnetism. However, such an approach would be extensive and probably miss to point out the highlights that put forward the Xray crystallography as a central method to many disciplines and different areas of science. To learn the history of crystallography, there is no need to strictly separate crystallography from mineralogy, chemistry, biology, physics; it should be understood in synergy with these sciences that change drastically the basic concepts through close interactions among them and opening new approaches. "After all, are there the true boundaries between sciences? May be the boundaries of a science, as they are established, represent only artificial constructions adapted to current understanding" [1] .
Inspired by Maxwell"s theory of electromagnetic waves, at the University of Würzburg, on November 8, 1895 W. C. Röntgen discovered radiation of unknown origin and properties, which he called X-rays [2] . The shadowgraph of a hand skeleton of his wife Bertha, taken on December 22, 1895, had circulated quickly all over the world, as it did hundred years later at its centennial anniversary. The discovery gained enormous publicity because everybody realized the power of X-rays to reveal "the architecture of invisible". The world realized the importance of Röntgen"s discovery and the first Nobel Prize for physics was awarded to him in 1901. The nature of X-rays was not known at that time. Seventeen years after Rönt-gen"s discovery, Max von Laue suggested that Xrays can be scattered or diffracted by a crystal [3] which was confirmed by an experiment aiming to resolve controversy over the nature of X-rays [4] . The experiments revealed its wave nature and confirmed Laue"s idea for which he won the Noble Prize in 1914 (Fig. 1) . A new branch of science based on that discovery saw the dawn in November 1912, when the 22-year old Lawrence Bragg interpreted the complicated pattern of Laue"s photograph. He applied very simple idea coming from the optics of visible light that X-rays are reflected from the atomic planes in the crystal -the Bragg"s law [5, 6] . W. H. Bragg built the first spectrometer, which enabled structure determinations of some minerals, such as diamond [7] and table salt [8] .
The most striking idea in that area, put forward in 1915 by W. H. Bragg [9] involved the representation of the periodic repeat of atomic patterns in a crystal by Fourier series. This mathematical formulation was a milestone in X-ray structure analysis. In 1915 the Nobel Committee recognized the great discovery of the Braggs and awarded them a prize. At the very beginning and through the next hundred years the high significance of X-ray crystallography has been confirmed by a number of Nobel prizes. 
ADVANCED AND NEW METHODS AND TECHNOLOGIES SUPPORTING THE DEVELOPMENT OF X-RAY CRYSTALLOGRAPHY
The basic theoretical knowledge of X-ray crystallography was already known around the 1920s. The tremendous progress of the X-ray crystallography is based on the use of powerful computers, utility of on-line experiments such as robotic machines for crystallization, controlled data collection and processing, interpretation of Fourier maps, refinement of an experimentally derived model of the structure, visualization of the threedimensional structure and modelling using computer graphics, handling databases (data mining and cloud computing) for structure systematics and predictions, and study of protein folding and structure-activity correlations [10 and references therein, 11, 12] .
For determination of macromolecular structures, more intense sources of high brilliance and high degree of collimation are required for data collection. Some advancement in this respect has been made by the use of rotating anode tubes, but a significant step forward was achieved by the first exploitation of synchrotron X-ray radiation in the late seventies of the last century. The constant progress of technology has led to a more intense monochromatic beam of high brilliance and collimation (of 50 μm in diameter), suitable for very small, weakly diffracting samples, as well as for very large unit cells, or unstable crystals using cryotechniques. An additional experimental advantage of such sources is the wavelength tunability, which makes it possible to use the method of multiwavelength anomalous dispersion (MAD) over a wide range of atomic absorption edges for phase determination of structure factors. By virtue of such powerful X-ray sources it is also possible to perform time-resolved experiments, e.g. using polychromatic radiation on stationary crystals producing Laue patterns. This idea might seem paradoxical to the basic concept of X-ray crystallography. In general, X-ray crystallography reveals only the space-averaged structure over all molecules in the crystal for the time of exposure to the X-ray beam. However, with time-resolved crystallography using a polychromatic synchrotron beam and a stationary crystal, and an exposure time about three-order of magnitude shorter than that of monochromatic experiments, ultrafast experiments became possible. In reality, it was possible to record a series of events thanks to powerful sources and fast and sen-sitive detectors, and smart software. The approach allowed in situ studies of enzymatic activity at a nanosecond time scale [13] .
Technical developments of the equipment (pixel detectors), advanced software and exponenttial growth in computing power and especially better and brighter X-ray sources, are of great impact also on electron density studies. However, the use of synchrotron radiation in this field came just recently, whereas neutron diffraction has been in use much longer in this field [14] . Specifically designed refinement procedure based on atomcentered multipole models [15] [16] [17] was a significant step forward. The electron maps obtained by using such data treatment reveal fine details about the electronic structure and its modifications, influenced by partners connected by the chemical bond or participating in intermolecular interactions. Charge-density studies can reveal an overlap between atomic orbitals, lone pairs, the bending of bonds in strained rings, π-interactions, polarization effects, deformation of electron density in intermolecular interactions, particularly in hydrogen bonds. Understanding the nature of non-covalent interactions is essential for revealing the secrets of molecular assemblies in molecular biology (molecular machines such as ribozyme, photosystems I and II, and viruses), in novel functional materials, and also in synthetic chemistry, particularly in supramolecular chemistry using the crystal engineering approach [18] .
As the method of electron density studies stands today, fine details match well the pictures obtained by theoretical ab initio quantum mechanical calculations. However, the significant breakthrough was achieved recently by combination of the results coming from different experiments using X-ray, neutron and polarized neutron diffracttion data on spin resolved electron density [19] . These experimental spin up and spin down densities compare well with density functional theory (DFT).
At present the development of the X-ray free electron lasers (XFEL) is a monumental technical achievement, which definitely opens up a new era -serial femtosecond crystallography (<70 fs) allowing to record ultrafast movies of (bio)chemical reactions and to understand their dynamics. Incredibly intense, ultrafast pulses of X-rays with up to 10 13 photons for duration of tens of femtoseconds are used (Fig. 3) . Also, these destructive pulses overcome the problems of radiation damage in protein crystallography without the need to resort to the cryotechnique which is common in use of synchrotron sources. X-ray FEL ultrafast pulses terminate before significant atomic motion can occur and the sample is unaffected. At the end of 100 fs pulse, the average displacement of atoms is less than 1 Å (experimental details described by H. N. Chapman) [20, 21] . Thus, it is possible to collect data at doses of 3 gigagray at room temperature, which is over 3000 times the conventional tolerable room-temperature dose. Such a method is suitable to obtain diffraction of nano-sized crystals. Extremely small crystals in suspension can be injected into a pulse and used for diffraction experiments. As each pulse vaporises the sample, it is necessary to replenish the sample for the next pulse, arriving at a rate of 120 Hz. The shower of randomly oriented small crystals is provided by a microjet into beam path. By using very fast and sensitive detectors, about 120 diffraction frames per second can be collected (Fig. 4) . During the experiment millions of frames are collected from which hundreds of thousands of individual snapshot diffraction patters are extracted. (Chapman, 2013) [20] . Diffraction with ultrafast pulses is recorded prior to radiation damage and a roomtemperature experiment is used.
The very complex software, CrystFEL, is used to process diffraction data. The advantages of the technique are already exploited for structure determination of huge macromolecular assemblies such as photosystem I and photosystem II and numerous membrane proteins that are very flexible and difficult to crystallize in a size suitable for structure determination by the classical methods of macromolecular crystallography. In addition to above described experiment with X-ray free electron lasers, they can be used in de novo phasing for determination of structure factor phases exploiting an anomalous dispersion. It is possible to use the signal of native sulphur atom (7.3 keV) in determination of a protein structure.
The XFEL method can be used in studies of ultrafast dynamics in the microscopic world following the movement of atoms and molecules and their interaction at femto-and pico-second time scales. Such method is essential in understanding most of the macroscopic processes in physics, chemistry and biology. Ahmed Zewail already used the laser techniques to study transition states in some chemical reactions almost two decades ago and his scientific achievements were rewarded by the Nobel Prize in 1999.
HIGHLIGHTS OF X-RAY CRYSTALLOGRAPHY
The very beginning of X-ray crystallography, a part of dazzling history, was marked by two Nobel prizes, and a tradition has continued over the century to the present day with glorious discoveries winning about forty Nobel prizes. However, the choice has to be made and priority has to be given to those, which revolutionized our views in many areas of science. According to one of the founders of X-ray crystallography, W. L. Bragg, "the development of X-ray crystallography since 1912 has more than fulfilled our early expectations. It not only has revealed the way atoms are arranged in many diverse forms of matter, but also has cast a flood of light on the nature of the forces between atoms and the large-scale properties of matter. In many cases, new knowledge has led to a fundamental revision of ideas in other branches of science" [22] . The W. L. Bragg"s prediction of Xray crystallography given in 1968 has been amply confirmed by the determination of many complex protein structures and their DNA/RNA assemblies including viruses, and even living cells.
The molecular topology in the crystal provides insight into the interatomic and intermolecular interactions, which determine the physical, chemical and biological properties. Let us give a few examples that illustrate how X-ray structural analysis has revealed the nature of the chemical bond. The discovery of the structure of diamond, published in 1913 revealed tetrahedrally disposed carbon atoms (Fig. 5a ) and thus confirmed the assumption of Le Bel in 1874 [23] and Van" t Hoff in 1875 [24] . In 1891 E. Fischer [25, 26] together with A. von Bayer employed a tetrahedral concept to understand the chemistry of sugars, which led them to the problem of an optical isomerism and conformational differences. They were able to assign the relative configuration for enantiomers of various sugars and derivatives and their work established a new scientific discipline -stereochemistry. In 1949 came the evidence that, by mere chance, Fischer"s assignment of glyceraldehyde was correct. J. M. Bijvoet discovered how X-ray anomalous scattering can be used to determine the absolute configuration of chiral molecules exemplified by the structure of sodium rubidium tartrate [27] . The Bijvoet method and the Barton"s principle of conformational analyses accelerated the development of stereochemistry. After the discovery of diamond followed the determinations of the structure of graphite performed by J. D. Bernal in 1924 [29] (Fig. 5b) and sixty-one years later, the third modification of carbon, fullerene (Fig. 5c ) was discovered by R. F. Curl, H. W. Kroto, R. E. Smalley whom Nobel Prize in 1996 was awarded. The discovery of fullerene opened up an era of nano-materials. After eighty years of the determination of graphite structure came a sensational discovery of graphene -a single-layered network of carbon atoms, the novel functional material of great potential in different areas of applications (Fig. 5d) . The significance of the work of A. Geim and K. Novoselov [30] related to graphene was recognized in 2010 by the Nobel Prize. The given examples of allotropic modifications of carbon atom clearly show the impact of different electronic structures on character of chemical bonds and thus on crystal structures and properties. There are more examples that illustrate how our perceptions are the subject to changes. Table salt, NaCl, was treated as a molecule but after its X-ray analysis it turned to be a threedimensional array of sodium and chlorine ions held together by Coulomb interactions. One hardly can overlook structure determination of hexamethylbenzene performed by Kathleen Lonsdale in 1929 [31] ; she revealed the planarity of the molecule, calculated the values of carbon bonding angles (120 ) and carbon bond lengths (1.39 Å) confirming Kekulé"s hypothetic model. In early days of the 20 th century, it was difficult to reconcile the new view of ionic compounds with the classical chemical ideas of that time. The crystal structure of penicillin, solved by D. Hodgkin in 1949 [32] , revealed for the first time the presence of a four-membered β-lactam ring, unknown to organic chemists of that time. Her determination of the vitamin B-12 structure showed the existence of a metal-carbon bond and the corrinoid ligand system, not previously encountered in natural compounds. A completely new field of organometallic chemistry emerged from this finding. D. Hodgkin was the first scientist who used X-ray diffraction to determine the structure of biologically active molecules (Fig. 6) . For the results of her work she won the Nobel Prize in 1964.
Fig. 5. a) Diamond with tetrahedral Csp
3 carbon atoms; b) graphite with layered hexagonal network having the carbon Csp 2 atoms; c) the fullerene molecule C60, having carbon atoms in both hybridizations, is basic nanomaterial; d) one-dimensional hexagonal network of carbon atoms -graphene is very hard with high conductivity and many other useful properties; e) hybrid materialfullerene with attached diamantoid molecule, coating the (111) face of gold, conducts an electrical current in one direction (current rectification) the invention being essential in molecular electronics [28] . In early days of X-ray structure analysis, up to 1934 centrosymmetric structures were determined by "trial and error method" due to a lack of mathematical method for determination of phases of structure factors (Fourier transform). The discovery of property of modified Fourier synthesis which allowed the determination of heavy atoms in the structure, published by L. Patterson in 1934 [33] , enabled determination of noncentrosymmetric structures. As the Patterson synthesis was introduced in the structure analysis, an idea for determination of protein structures using heavy atom derivatives emerged. M. Perutz recorded the first diffraction photograph of haemoglobin in 1938 and prepared protein-mercury derivatives to solve the phasing problem. After years of hard work he proposed the first model of haemoglobin molecule (Fig. 7) and reported it during Cavendish seminar in 1951. It is interesting to mention that the Perutz"s student F. Crick disregarded the haemoglo-bin structural model because he did not believe to the phasing method. In spite of that, in 1954 Perutz published the structure [34] , but the refined model at the resolution 5.5 Å appeared in 1960 [35] . It was used to propose the mechanism of respiration and oxygen transport in a living body. In total, Perutz"s research on haemoglobin structure took over twenty years because X-ray crystallography at that time required lot of persistent work and high mental ability of a researcher. The achievements of M. Perutz and J. Kendrew on haemoglobin and myoglobin in 1962 won the Nobel Prize. However, a contemporary method of X-ray crystallographydynamical crystallography can give insight into a mechanism of biochemical reaction and provide more detailed explanation of a respiration process. In early fifties of the last century an epochal discovery of the structure of DNA double helix came to light. The '51-photo' of a DNA fibre recorded by Rosalind Franklin and her PhD student R. G. Gosling in 1953 [36] undoubtedly revealed helicoidal structure of a molecule (Fig. 8) and it was used, without Rosalind's permission, by J. Watson and F. Crick to interpret completely the structure of DNA molecule using also Chargaff's results leading to the correct A-U and A-C pairings, which were consistent with the existing data [37] . It became obvious that such a structure with precise sequence of the bases is the genetic code. An implication of such knowledge was recognized by the Nobel Prize 1962. This discovery was the milestone not only in crystallography, but also in biology. New scientific disciplines have emerged from it: structural molecular biology, molecular genetics, epigenetics and many others. At the same time this very discovery initiated many further researches in biology, medicine, forensics, pharmacology, agronomy, biotechnology, geology, anthropology and others. Chronologically, in 1965 followed the structure determination of the second protein and the first enzyme, lysozyme by D. C. Philips, whereas the mechanism of its catalyses has been the subject of a debate almost a half of the century. Thus, it is very good research project on a dynamic study by XFEL method.
In the early fifties of the last century mathematical methods for determination of phases of structure factors, based on algebraic and probability methods, were intensified by urgent needs in structure determinations of large and more complex molecules (Fig. 9) . The development of mathematical methods in crystallography, assisted by efficient algorithms, has contributed to speed up the procedures for structure determinations. The key publication was the monograph Phase problem, I: Centrosymmetric Crystal, by H. Hauptman and J. Karle [38] .
About seventies of the last century, parallel to the progress of computers, the first efficient software packages written by J. Stewart and S. R. Hall have been available, and then followed those ones by M. Woolfson, P. Main, G. Sheldrick, C. Giacovazzo, and E. Dodson. Together with other significant improvements of experimental techni-ques, such as synchrotrons and the most recently, free electron X-ray lasers, macromolecular crystallography has succeeded to reveal essential biological processes in living cells and to show how "mini-factories" such as "molecular machines" operate in our bodies. Among many of sensational results of structure determinations are the structures of plant viruses [39] [40] [41] and then human viruses such as HIV and adenovirus (Fig. 10) . A. Klug was among the first who recognized DNA/RNA and proteins as constitutional macromolecular complexes of chromatin and viruses [40] [41] [42] . For the structural elucidation of these complexes A. Klug won the Nobel Prize in 1982. Among the Klug"s co-workers was R. Franklin [41] . Human adenovirus is one among the largest molecular assemblies (150 MDa) determined by Xray structure analysis (3.5 Ǻ resolution) [43] . Molecular architecture of such assemblies is vital in understanding interactions of viruses and hostcells, and in design of vaccines and drugs. [39] . b) The research on HIV (human immunodeficiency virus) is lasting over three decades; HIV is composed of two strands of RNA, 15 types of viral proteins, and a few proteins from the last host cell it infected, all surrounded by a lipid bilayer membrane. Together, these molecules allow the virus to infect cells of the immune system and force them to build new copies of the virus. Each molecule in the virus plays a role in this process, from the first steps of viral attachment to the final process of budding (Protein Databank www.rcsb.org). c) The structure of human adenovirus, the largest molecular complex determined by X-ray structure analysis, that is essential for therapy. Schematic drawing of an adeno-virus. Interaction of variable protein parts which help stabilisation of the capside is shown at far right [43] .
Discoveries of "molecular machines" explained the key mechanisms of a living cell. Among molecular machines essential in life of a cell is chromatin [42, [44] [45] [46] playing a crucial role in gene regulation; it is involved in transcription, replication, recombination and repair. Understanding its role in a cell cycle is of the outmost importance in biology. The structure of chromatin depends on the type of a cell and also on its cycle. Highly expressed dynamics of chromatin accompanied by significant conformational changes is the very demanding subject of a research (Fig. 11) , which has taken over hundred years and won six Nobel prizes since then. In chromatin research contributed A. Klug [42] and R. D. Kornberg [44, 45] .
It is an open story which will be tackled by femtosecond crystallography.
Together with the discovery of DNA double helix, the structure of chromatin, the structure of RNA polymerase II complex (prior to initial phase of transcription) and ribozyme structure circled the most important cycle of structural molecular biology. These discoveries won Nobel prizes. In 2006 R. Kornberg"s structure determination of RNA polymerase II complex of eukaryotes, provided an explanation of transcription process at the molecular level (Fig. 12) [47] . a b c Fig. 11 . Nucleosome, a core particle of chromatin shows how the histone protein octamer (two copies of each histone protein, H2A, H2B, H3 and H4) is enveloped by 147 bp DNA. The repeating nucleosome cores further assemble into high ordered structures, stabilized by the linker histone H1 (the resolution of 2.8 Å) [46] . The discovery of ribozyme structure complex revealed the enzymatic function of the complex in the synthesis of protein in a cell. This discovery showed that Darwin's theory of evolution is valid at the atomic level. Knowledge gained from the mechanisms of synthesis should help to resolve a problem of antibiotic resistance. More than thirty years persistent work of three teams ended by Nobel Prize in chemistry 2009 awarded to V. Ramakrishnan, T. Steiz, and A. Yonath (Fig. 13) [48] .
In macromolecular crystallography most of the key researches spanned more than thirty years no matter of technological level of the time of discoveries. Very well hidden secrets of Nature and sometimes a lack of sophisticated technical equipment can be an obstacle on the way to the successful end. The most recent results on the structures and dynamics of G-coupled receptors (GCPR), molecular machines, belonging to a highly diverse superfamily of eukaryotic membrane proteins are based on the work spanning over two decades.The high mobility of these protein complexes is an intrinsic property, making their crystallizations almost impossible tasks. Among many difficulties and obstacles such as biochemical instability of purified GCPR proteins in detergents, structural flexibility, and the paucity of polar surface for forming crystal lattice had to be resolved; the developments included protein engineering to decrease protein heterogeneity, enhance stability, reduce flexibility and increase the polar surface available for crystal lattice formation. The development of lipid mesophase crystallography, a critical approach for membrane proteins, and the development of conformationally selective antibodies to increase polar surface available for crystal lattice formation and stabilize specific receptor conformations, put forward crystallography of membrane proteins. B. K. Kobilka [49] and R. J. Lefkowitz [50] successfully solved all these problems and started a new era of GPCR structural and chemical biology of signalling. They got an image of the receptor at the very moment when it transfers the signal from the hormone on the outside of the cell to the G-protein on the inside of the cell (Fig. 14) . Their work was awarded by Nobel Prize 2012 in chemistry. In humans there are about 800 GPCRs, which interact with big variety of extracellular signalling molecules involved in a cell communication by coupling to heterotrimeric G-protein complex. So far, the structures of 22 receptors were solved. Understanding the structures and dynamics of this important class is of outmost importance in drug design. The most recent innovation, femtosecond crystallography, meets all requirements and it is already in use [51] . 
PROSPECTS
"The long term predictions in science are hopeless and even short-term predictions are usually wrong", Kleppner's words on the 50 th anniversary of the journal Physics Today [52] come along with the W. L. Bragg's statement given in 1968: "In many cases this new knowledge has led to a fundamental revision of ideas in other branches of science and all the expectations are more than fulfilled" [22] . The new era of chemical biology has already started and it is in the permanent progress. The structures of molecular machines crucial for a cell life and dynamics of cell processes (Figs. 15a [53] [54] [55] and 15b [56, 57] ) already started to be examined by the most recent technical achievements -free electron X-ray lasers. [53] [54] [55] and b) photosystem II at 1.9 Å resolution, protein is shown in blue and the chlorophyl in green, membrane bilayer is indicated as shaded area and oxygen -metal cluster is depicted as spheres in red [56, 57] . The results of research on their structural and dynamic characteristics are bioinspiring models for inventing systems for production of 'green energy'. Femtosecond serial crystallography (XFEL) gives insight into ultrafast biochemical reactions at the atomic level. Together with the XFEL exploitation, information from complementary methods such as microscopies of high resolution, various spectroscopies, molecular modelling and bioinformatics, will give a hybrid model based on dynamics of the system. Thus, in twenty years a molecular model of living cell can be expected [58] [59] [60] .
Protein structures are targets for drugs. The most recent results on the intensive research related to Ebola disease and HIV illustrate (Fig. 16 ) [61, 62] deep involvement of X-ray crystallography in the solution of the most urgent problems of the human health. The intensive research on GCPR membrane proteins (Fig. 14) is of the prime interest to pharmaceutical industry but also for brain research.
The flood of new functional materials of a wide range of applications from medicine, (bio)analytics, to molecular electronics (Fig. 15 [53] [54] [55] and [56, 57] ), new computers, and for a time being, unreachable quantum computers, makes unthinkable possibilities (Fig. 17) [63, 64] . Graphene, DNA chips or biosensors are on the way to revolutionize almost all aspects of our lives. Syntheses of natureinspired molecules and an imitation of biological processes of molecular machines are on the way to offer new efficient and ecologically friendly functional materials that might look to someone as a science fiction. Fig. 16 . Protein structures as drug targets for novel medications: a) nucleo-protein, having new folding type, with its C-terminal domain, responsible for replication of Zaire Ebola virus [61] ; b) soluble protein of HIV-envelope active in invading host immune cells [62] . Fig. 17 . Prospects -a road to unimaginableness: preparation of functional materials combining functional domains of two or more molecules. a) Solar cells contain fullerene molecules and bind PID2 polymer, which amplify solar effect [63] ; b) charged graphene gives DNA a stage to perform molecular gymnastics: threading a DNA molecule through a tiny hole, called a nanopore, in a sheet of graphene allows researches to read DNA sequences. Positive charge speeds up DNA movement through the nanopore, whereas a negative charge stops the DNA in its tracks. During these movements DNA changes its conformation. It is even possible to observe the conformational change when nucleotide is methylated, a tiny chemical change can turn a gene on or off. It is obvious that such a DNA (reversible) performance can be used in DNA sequencing for personalized medicine [64] . 
